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A case-control study-of the etiology of tun & cancer in 
women was conducted in the Nlagora Region of Ontario, 
because cf local concerns about a high incidence of lung 
cancer. 51 female patients with, lung cancer and 45 
matched controls were interviewed Information was col¬ 
lected about acme and passive smoking, occupation, and 
residential history. 

There was a strong ussoaatibnherween active cigarette 
smoking and lung cancer feverthevrr odds ratio 10.0; p < 
.001) and 85% of the cases of lung corn er were attributed 
to acme cigarette smoking. No other factors were signify 
cantly associated with lung cancer . there w as w eal evi¬ 
dence of an association, between urban environment during 
childhood and lung cancer (p ■ 0 07p Associations 
between lung cancer and air pollution ond residential his¬ 
tory, were not demonstrated, contrary to public perception 
Thus, a previously reported excess of lung comer in 
Niagara females -it most likely attributable to cigarette 
smoking. 


Une fiitde de cos eonirbUe sur Vinologie dicconcer du 
poumon c he: la femme a M ridltsie dans la vision de 
I Niagara fOntario) en raison des preoccupations locales 
touchant I-incidence #lcv#e de cette moladic dans id. 
\ region 51 poticntes atteintes d un cancer dn poumon et 45 
sujets tihtoins onrjnit I objel dime enirevue. Des donnScv 
onr ct# ret ueillir* sur la consommation active. et passive dc 
/abac,, I'occupation et le lieu de residence des patientes et 
dcs sujets remains. 

La. contamination active de cigarettes a cl £ forte men: 
OSSOcite an earner du poumon (rapport consommation 
amirieureiducune consornmatibn de 10,0, p < 0.001 j 'n 
! $S c k des ros de cancer du poumon ont it# artribuis d h 
consommation active de tahac. Attum autre fact cur tra #tc 
ossoci# de fayon significative an cancer du poumon; un 
foible indice tf association entre la ristdbme en milieu 
| urbain pendant renforce et le cancer dit poumon a #tc 
constat# (p • OX)?). Contrairement 6 lopinion generate 
| repandue. aunme association na pu itre #toblie entre le 
cancel du poumon et la pollution atmosph#rique ou le 
milieu de residence. La prevalence #lev#e du cancer die 
poumon chez les femmes de la region de Niagara signONe 
par le jyassi esi done vraisemblablement aitribuable d la 
consommation de cigarettes. 


I n 1984. am exploratory study of cancer mortality in the 
Niagara Region of Ontario (Figure 1 1 reported a statistically 
i significant excess of fatal 1 lung cancer in Niagara womenfbut 
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not men), compared with all Ontario women, over the interval 
1976 to 19817 Because of local concerns about this excess. 1 a 
caxe-control *iud> of the etiology of lung cancer in Niagara 
females was initiated by the Niagara Health!Services 
Department in 1984. 

Tobacco smoking has been dearly established av the major 
cause of lung cancer in both sexes in North America. Over 
40.000 reports: and papers have been published about this 
association/ * including ovct 40 case-control studies andiat 
least S cohort studies. Most lung cancer in men; and an appre¬ 
ciable proportion in women.,is attributable to cigarette smok¬ 
ing (Table 1). 
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Most or the anuKtu' tpicleiuiolbgic studies of the associa¬ 
tion'between smokinc and lung cancer have been conducted in 
densely populated urban arcus: tew have been conducted in 
less densely populated i.irea* such as the Niagara Region.* 

Evidence supporting a causal association between lung can¬ 
cer and occupanon fanly strong for certain occupations and 
substances, including underground hematite mining, nickel 
re 1 1 nmg. uranium mining, soots and tars, asbestos, arsenic and 
chromium. 1 Evidence is suggestive for several!other sub¬ 
stances and^ occupflnor.ui! groups. ’ There is also suggestive 
evidence of an association between lung cancer and passive 
smoking 

Evidence concerning a causal association between air pollu¬ 
tion and lung cancer i> weak and conflicting;- * but air pollu¬ 
tion remains plausible as t cause of lung cancer” because: 
(a) there is an urban factor for lung cancer that may not be 
completely explained by smoking habits and occupational 
exposures:'-' 0 (b) there is strong evidence from occupational 
studies that prolonged and heavy exposure to certain airborne 
substances (e.g. soot. ur. benio(t)pyrcne, asbestos, vinyl 
chloride) may, cause lung cancer;’** and (c) there is weak evi¬ 
dence from ecologic and other observational studies suggest¬ 


TABLE 1 

Population Attributable Risk Percent'* for Cigarette 
Smoking and Lung Cancer for Women and Men from 
Case-control and Cohort Studies 


PAR% 

Study population 

Women 

Men. 

(years of enrofrrem ± fo!16*-up> 



U.S A - l control’ 

25% 

84 

U.S.A -1959/72 cohort " 

?6% 

83% 

UX physicians 193 1/7?cohort’"* 


92% 

Japan r 1963/74 cohort ’ 

24* 

72% 

Wcitcm Europu - 1976/80 ca«-control M 

4 

85% 

England - 1977/82 cnsa-coniror 

7.V* 

89% 

Lo» Angdcv- 1981/82 caie-comru]‘* 

7 yi 

- 

Weatcm N.V. Stale - 1980/W caic-conirol” 

7 i%: 

58% 


ing a quantitative relationship between ambient air pollution 
levels and lung cancer.'"* 

We report the findings of a case-control study about the 
possible dialogic association between the above factors (i:e. 
tobacco smoking, ambient air pollution; passive smoking and 
occupational exposures) and lung cancer among female resi¬ 
dents of Niagara Region. 

METHODS 

Female residents of Niagara who were newly diagnosed with 
primary limy cancer between January ). 1983 and March 31. 
I9K.V and who were under 75 years of age at diagnosis, were 
eligible. Gases were identified! throughichart reviews at 7 of 9 
public hospitals in Niagara;(two hospitals refused to parties 
pule), and at the major referral I hospitals in Toronto. 72 eligible 
caxes were identified. Of these, attending physicians refused 
permission to contact 3. 6 could not be located or had moved 
out of the region, and IT refused to be interviewed; Thus. 51: 
cases, representing 71 r V of eligible cusc* identified lor thiv 
study, were intervievvcdj Of those coses participating in the 
study, histologic confirmation was available for tSHTr 145/51). 

At the time of interview. 53 r * (27/5ID;of cases were olive. 
In the event of dtath. ncxt-of-km were imen-iewed 

Female controls were randbmty selected from the municipal 
assessment lists for 1983 und 1984. They were individually 
matched to cases on the basis of age (wiihin 4 years), and 
municipality of residence at one year prior to the date of diag¬ 
nosis of the corresponding case. Matching on municipality 
(i.c. city., town, township) was necessary because 2 of 9 public 
hospitals in Niagara refused to participate, leading to substant 
tint under-enumeration of cases from certain municipalities. In 
the event that an eligible control could not be located or 
refused to participate, a second eligible control was selected in 
the same manner as the First. 

Of 97 potentially eligible controls selected. 20 (2Hf ) could 
not be located or had moved out of Niagara Region. Of the 77 
eligible controls contacted. 45 (5K^.) agreed to participate in the 
study. All controls were alive at the time of interview, bui one 
was mo ill to be imerviewed. and a proxy was interviewed 
instead; 
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TABLE II 


Age-adjusted Odds Railbs for Lung Cancer In Niagara 
Women tn relation to CigareUe Smoking Status 


Clf went Smokinn Suiu<* 

Od<NRrhn(95* Cl) 

Number of 

C*Mi/CnmrnU 

Ntvcr smoker 

to 

5/27 

Ev cr smoker 

10.0 (3.5-42.) 

46/18 

Ex-smoker 

1.6 (0.28-9.0) 

6/t0 

Current smoker 

35.0 (7,5-340.) 

40/8 


« Sutui bi orw: year prior to dklt of diagnoti* of Cite 


Cases and controls were interviewed in their own homes by 
an experienced interviewer* using a standardized question¬ 
naire. Information was collected on lifetime residential and 
occupational history, lifetime tobacco smoking history, expo¬ 
sure to passive tobacco smoke, personal and spousal exposure 
to occupational substances and suspect industries, and various 
socto-dcmographic variables. 

Statistical! analysis, wai conducted mainly by multivariate 
logistic regression modelling Subject matching used in the 
design was preserved in the analysis. Because 6 of the cases 
could nor be individually matched to controls, they were 
matched to controls within existing matched pairs to create 6 
matched triplets. The PECAN computer program/' which per¬ 
mits analysis where there is a variable number of subjects 
within each matched set. was used to derive conditional maxi¬ 
mum likelihood estimates of the parameters. Because of the 
relatively small! number of subjects in some of the exposure 
categories confidence intervals were calculated u.vine the Ihg 
likelihood-based procedure.* 

RESULTS 

SodO’iU'i'iopaphic Variables, 

As expected, there was no significant difference in nge. 
comparin: cases with controls. The mean age (at diagnosis) of 
cases wa* 60 8 years and the mean age of controls was 60.4 
years. Curunt annual family income, marital vtatu> and reli¬ 
gion i were Uiund to be comparable between cases and controls. 


TABLE IV 

Adjusted Odds Ratios for Lung Cancer, in relation 
to Passive Smoking 


EaPOnjic* 

CkWvRaito*493 r 4Ct) 

Number of 
C»w 'Control! 

Anyone m ,jm: household 
ever v.i,v<d 

3:6 <039^*.) 

46/33 

Mother c\ rr vmaked 

0 76 (0 06-8 3) 

7/5 

Fiiher eu-r vnokeri 

0.67(0.15-2 7) 

19/23 

HuriwmJ %H-«rsmok£d$ 

1.04(0.27.4.1) 

36/23 

Ever ciptv»ri! in workplace | 

0.57 (0.1) -2.7) 

14/12 


•ilaius Hit dale of diagnoiia of c**c. 

iih ad/i.-imem for lifetime consumption of clgartuen (p*ck->eanOJ and 
using “fv sex" category at b**clinc. 

Int-ter.married tubjecn were excluded. 

|«uhjcct- is hivhad never worked outride of the Ktxite wm e*eluded 
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TABLE III 

Trends in Age-adjusted Odds Ratios for Lung Cancer, 
in relatlbn to Smoklhg Exposures considered 
as Continuous Variables 


Commuous Smoking Variables* 

Odds Ratio* (957( Cl). 

Duration smoked (per 10 year*) 

Avenge frequency (per 20 cig*r»uei/cUy) 
Current frequency (per 20 c)garcue»/da>) 
Lifetime consumption (per 20 pack-year*) 
Age ■Lartad smoking^ (per ID years) 

Yean lince quilting (per 10 years) 

1.97(1148-3.1) 

23.0 (5.6-190.) 

11 (3.2-27.) 

6.7 (2.6-32.0) 

0.54 (0.25-1.10) 
a 16 (0.028-0 48) 

•aiaius ai on* year nnor to date of diagnosis of case, 
tconrtpondmg to tne unit of change specified for each variable, 
tat ad juried for average frequency (cig^day) 


Active Ciserene Smoking 

Cigarette smoking was strongly associated with risk of lung 
cancer in Niagara women (Table !1). Strong risk gradients 
were seen when tobacco smoking was represented by continu¬ 
ous variables (Table III). 

Ex-smokers (defined ts smoker* who quit smoking at least 
one year prior to the date of diagnosis of the case) had a risk of 
lung cancer significantly less than current smokers (OR * 0.05; 
95% CJ = 0.002-0.30). In comparison to non-smokers, ihcu risk 
w*as elevated, but this finding was not statistically significant 
(OR ■ 1.6; 95% Cl « 0.2S-9.0)i For ex-smokers, their risk 
decreased with increasing time since quitting (Table III). 

Population attributable risk (PAR) was estimated for 
cigarette smoking, using lifetime consumpiion (pack-years) 
and assuming a monotonic multiplicative model.'” The esti¬ 
mate of PAR was 85%, mostly due to current smoking (80%); 
rather than ex-smoking (5%). 

Passive Smoking (Environmental Tobacco Exposure) 

Overall; 90% (46/51) ot cases and 78% (35/45) of controls 
reported some pnst exposure to passive tobacco smoke in their 
homes. After adjustment for personal lifetime cigarette con- 


TABLE V 

Adjusted Odds Ratios for Lung Cancer in relation to 



Residential History 


Residential Hisiory* 

0<ki< Rilttn? (93% Cl) 

Number of 
Cates/CorurpU 

Duration Itxtd iH Niuga 

ra Region 


<40 year* 

1.0 

22/28; 

>40 year* 

6.1 (0.96-102.) 

29/17 

cont.J (per 10 yearn) 

1 21 (0.82-2.4) 


ChUdhond rrsfttrncr 
coumry/wnail town 

10 

20/29 

Urge town/cm 

7 H (0.62-98.) 

31/16 

Ailith ReufinitY 

country /small to«m 

10 

U/16 

large town/tit) 

2.3(0.49 13.7) 

37/29 


•tiaius as ofiotw year pnnr in djie Df di:ipno*jv 
tincluding adjustment for lifetime cigarette consumption (pack-yewr*) 
$eomlmuH»a variable, wllhOR comvponding to the unit of change apect- 
f«*d 
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TABLE VI 

Exposure to A Priori Suspect Occupations 



1 

1 

Sutpeci Induvirlfi 

Spouses of 

Study Sublet* Study Subjtciv 

CWiComrob C*m/Coiirol« 

Study Subject* 
C»*e*/ConiroH 

Spoutcv of 

5iud> Subiccu 
Cucv/Comroli 


1 A*b«sio»: mining. Mfj or Uic 

0/1 


19. Maintenance Work/Sup't: 

l/l 

4/1 

2. A»ph*U Paving 


33) 

20. Newfcpnmer: 


1/0 

3. Beauucun/Haudteiact 

t/1 


21. Nickel Refinery 


4/6 

4. Beryllium Mining 



22. Painter/Flint Factory 

0/1 

2/1 

3. BrickUyer 


2/1 

23. Ptwt»c« Factory 


l/l 

6. Ceramic/Ena met Produce 



24 Rubber Mfg. orUae 



7 Chemical Industry 


2/3 

23 Sheer Men! Work 

1/0 

3/2 

8. Chromium Mining or Mtg 

1/0 


26. Ship Yard 


5/0 

9. Cobuli Mininc/Refmmg 



27. Soap Factory 

1/0 

m 

10. Coke Oven Worker 


0/1 

28. Steel Industry 

g:; 

4/3, 

11. Conduct ion 


6/6 

29. Talc Manufacture 



12. Copper Minmg/Smelicr 


im 

30. Textile Products 

4/1 


13; Denial Technician 



3!. Transport Industry 


m 

14. Fine Brick Plant Worker 


1/0 

32. Uranium Kilning 


0/1 

13: Furnace Boiler Woii 



33 Wearing Hem Protective Ocnhinp 


2/0 

16. Gnricc,Filling Sutlon 
i 17: Iron Mining, 


4/4 

34 Woodworking 

33. Zinc Mining 



18 Lriundn/Dry Cl*ani5'.g 

0/: 






sumpuom there was■ insufficient stanvtical evidence support¬ 
ing an association betweenitobacco smoke in the household 
and 1 lung cancer (OR 3 3.6: p = 0.24). Further, there was no 
association between lung cancer and having a mother; father 
or husband'who smoked in the same household (Table IV). 
Passive smoking in the household wa» also examined in terms 
of duration (years) that each subject reported exposure a 
olvild, and as an adult: Neither exposure wav significantly 
associatedWith risk after adjusting for active smoking. There 
was no evidence that,passive smoking exposure in: the work¬ 
place was associated wnh lung cancen 

Enrn anmenutl Exposure and Residential History v 

Because of the abscncrof a more direct measure of expo¬ 
sure. residential history was used us a measure of exposure to 
ambient air pollution, and to the more important industrial 
point sources of air pollution in Niagara Region. 

There was some evidence of an association between long 
duration of residence in Niagara (40 years or more) and risk of 
lung cancer (OR * 6.1: p * 0 06), but there was insufficient evi¬ 
dence of a risk gradient (p - 0.32) {Table V). There was evi¬ 
dence ot a statistically significant interaction between smoking 
(pack-years) and duration lived in Niagara-(p ■ 0.03). When: 
this interaction term (pack-years X years lived in Niagara) was 
included in the model l there w as no change in the eitimatcd 
effect of the primary variable pack-years, but the estimated 
effect of the primary variable “duration lived in Niagara'* 
reversed (OR = 0.88 per 10 years lived in Niagara: p ■» 0.68). 

There was weak evidence of an association between urban 
living in childhood! (prior to age 21) and lung cancer, after 
adjusting for lifetime cigarette consumption (Table V). This 
association did not change appreciably when the model was 
adjusted for adult residence or duration lived in Niagara. 

A significant association was not found between adult 
urban living and risk of lung cancer (Table V). The effect wax 
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further weakened when the model was also arijusud for child¬ 
hood residence (OR = 114; p» 0.74). 

Twelve major point sources of air pnlluiton were identified 
in or around Niagara, including sources in Harm I: an. Buffalo' 
and Niagara Falls. New York.’ M , ‘ No significant association: 
whs found <p - 0 65): between lirng cancer and distance of res¬ 
idence (one year prior to diagnosis) to the nenresr point source 
(3 levels: < 2 km; 2-4 km: > 4 km). When distance wos exam¬ 
ined as a continuous,variable, there was also no statistically 
significant association (OR * V.C4 per kilometer, p * 0.74). 
Residential distance 10 years prior to diagnosis also showed 
no evidence of an association with Urns cancer. 

0< nipatioitnl Factors 

No risk was associated w ith employment out>iue the home 
(OR = 0.57; 95% Cl - 0 06-4.05). or with exposure to dust 
or. fumes, in the workplace (OR * 0.92: 959f Cl * 0.24-3.4): 
Concerning employment in 35 a priori suspect occupations 
(Table VI). there was no association between any of these and 
lung cancer. Concerning exposure to any of I ] a prion suspect 
substances (Tabic VII). no statisiicully significant associations 
were found! The occupational history of spouse* whs nUo 
examined: but there were no statistically significant associar 
lions with lung c oncer. 

DISCUSSION 

A number of caveats should be considered before conclu¬ 
sions are drawn,fromi this study. First, because of the small 
study size, power considerations set some limitations on the 
identification of important differences between cases andcon- 
trols. For example, in a study of this size, the power in detect¬ 
ing a statistically significant (i.e. ex » .05 two-tailed) two-fold 
difference in risk is 3B%: the power in detecting a three-fold 
difference in risk is 73%. For this reason, the confidence lim¬ 
its of the estimates of effect Arc wide. This limitation is likely 
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TABLE MI 

Exposure to A Priori Suspect Substances 



Suspeei Snbjuncei 

Study Subjtcu 
C**£*/Conirol* 

Spoute' of 

Study Subject* 

C**ci /Control* 


Stud) Subj^cii 
Cwca/CcniroU 

Spouted of 

Study Subject* 
Cxm/Coniro;* 

1. Arsenic 

0/0 

0.0 

7, Methjnol 

0 JO 

00 

2 Asbestos 

o/i 

2/2 

i Polycyclic Aromatic Hydrocarbon* 0/0 

0/0 

3. BCME/CMME 

0 /0 

0 !Q> 

9 FUdtoaciivt Mitcrul 

0/0 

0/2 

a. C4*l/Ch*rcCAl 

0/1 

2/5 

10 Silica 

o/l 

2/1 

3. Cel lar 

ao 

2 a 

11. Talc 

1/1 

2/1 

6. O D T. 

0/1 

\a 





to be a problem in mott studies evaluating rather localized 
concerns, and does not necessarily prohibit such studies. 

Second, because only 71% of eligible cases and 58% of! 
located controls participated in this study, the results cannot 
easily be generalized to the total female population of 
Niagara. However, there were no significant differences in 
age or histologic type of lung cancer, comparing participating 
cases with all eligible cases.* Unfortunately, there was no: 
information.about smoking habits tor other possible risk fac¬ 
tors) for non-participating cases. 

Comparison of study controls with women 45 to 74 years of 
age who were interviewed in Niagara's Community Health 
Survey in 1985/ demonstrated that the study controls had less 
formal education, and a higher proportion were marriedi had 1 
U.K. ancestors and were currently working. Also the proportion 
of ever smokers was somewhat lower in study controls than in 
survey females (40% vs. 49%).' This difference could have 
inflated the estimate of the smoking effect somewhat, but it iv 
unlikely to have altered the main conclusions of the study. 

And third, because of ihc retrospective recruitment of most 
cases, approximately huh of eligible cases were deed by the 
time of the interview. These subjects were retained m the study, 
and proxies were imeruewed instead. Recent work*-' on the rch* 
ability and validity of respondent information in a case-control 
study of lung cancer suggests; that good agreement can be 
expected between provie^ and cases in terms of basic smoking 
status (i.e . never, ex-, cunent), and daily frequency of smoking. 

In spite of the foregoing considerations, there is good evi¬ 
dence of a strong association between cigarette smoking and 
lung cancer in Niagara women. The point estimate of the effect 
of ever smoking (OR ■ 10.0) ik among the highest reported val¬ 
ues associated with ever smoking, in women. Similar risks have 
been found in the much larger companion study of the NClC 
Epidemiology Unit, conducted over a similar period" and in a 
recently published cohort study. 4- There is evidence that women 
are now smoking more intensely, and for a longer duration, 
than in years past, thus, it is not surprising that the risk in smok¬ 
ing women is now similar in magnitude to the risk reported in 
smoking men from earlier studies.'" It is likely that these high¬ 
er risks now being reported for women will continue to be 
found m the future. 

The PAR estimate for lung cancer associated with cigarette 
smoking in .Niagara women was 85%. Thiv estimate wav higher 
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than that derived from previously published studies (see Tabic 
I), Most of this PAR was associated with current smoking 
(80%), rather than ex-arooking (5%). There can be little doubt 
that most lung cancer in Niagara women is now attributable to 
active cigarette smoking. 

There was insufficient statistical evidence from this study to 
support a strong association between lung cancer and other 
study variables, including passive smoking, environmental 
exposure, resident ml i hi story and occupational factors. The pres¬ 
ence of an -‘urban factor’*, at least for the childhood years, was 
'Ugeested in this study. However, it is known that urban living 
is associated with nn earlier age of onset of smoking.“* It is 
possible that we were unahle to control completely for the 
smoking effect when studying this “urban factor*. 

Contrary to popular perception.‘ there is lmit evidence that 
general ambient nir quality is poor in Niagara Region, com¬ 
pared with other urbun and semi-urban areas in Ontario. In 
terms of the Air Pollution Index calculated fur, nine cities in 
Ontario, St. Catharines and Niagara Falls report the lowest 
average levels." Both St. Catharines and Niagara Falls are con¬ 
sidered by the Ontario Ministry of the Environment to have 
good ambient air quality, although local problems have been, 
identified over the years. -lJ ’ 

Irv terms of local sources of pollution, distance of residence to 
the nearest industrial point source of air pollution did not appear 
:o be related to risk. Small study size precluded analysis of indi¬ 
vidual point sources. Distance lo the nearest point source may 
not be the best indicator of environmental exposure, either, as it 
fails to take into account wind direction and other climatic vari¬ 
ables. 

Matching cases and controls on municipality of residence 
may have resulted in. over-matching on distance to the nearest 
point source of pollution. Atmospheric concentration of particu¬ 
lates emitted from industrial point sources decreases logarithmi¬ 
cally with distance from the source, with highesti concentration 
wiihin 2 km. of the source, and with level* reaching back¬ 
ground values at 4-5 km. from the source/* In this study. 38% 
(37/96):of subjects lived within 2 km. of the nearest industrial 
point'source. 36% (35/96) lived within 2-4 km., and 25% 
124/96) lived more than 4 km. from the nearest point source. 
Thus, there was good variation in the djsiance of Niagara sub¬ 
jects to point sources and no real evidence of over-matching on 
this variable. 
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The previously reported excess of faial lung cancer in 
Niagara females’ is most likely attributable to active cigarette 
smoking. This study failed to demonstrate a strong association 
between air pollution, or residential history and risk of lung 
cancer. 
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